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Abstract: Large migratory catibou {Rangifer tarandus) herds in the Arct ic tend to be cyclic, and population trends ate 
mainly driven by changes in forage or weather events, not by predation. W e estimated daily k i l l rate by wolves on adult 
caribou in winter, then constructed a time and space dependent model to estimate annual wolf (Canis lupus) predation 
rate (P annual) on adult Porcupine catibou. O u r model adjusts predation seasonally depending on caribou dis tr ibut ion: 
Pannual = IKdaUy* W *Ap(2)*Dp. 
In our model we assumed that wolves k i l led adult caribou at a constant rate (Kda,iy, 0.08 caribou w o l f day 1) based on 
our studies and elsewhere; that wolf density (W) doubled to 6 wolves 1000 k m 2 1 on all seasonal ranges; and that the 
average area occupied by the Porcupine caribou herd ( P C H ) in eight seasonal life cycle periods (Dp ) was two times 
gteater than the area described by the outer boundaries of telemetry data (Ap /1000 k m 2 ) . Results from our model pro-
jected that wolves k i l l about 7600 adult caribou each year, regardless of herd size. The model estimated that wolves 
removed 5.8 to 7.4% of adult caribou as the herd declined i n the 1990s. 
O u r predation rate model supports the hypothesis of Bergerud that spacing away by caribou is an effective anti-
predatory strategy that greatly reduces wolf predation on adult caribou in the spring and summer. 
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Introduction 
M i g r a t o r y b a r r e n - g r o u n d c a r i b o u {Rangifer taran-
dus) herds show w i d e p o p u l a t i o n fluctuations that 
have been e x p l a i n e d by changes i n forage, c l i m a t e , 
p r e d a t i o n and harvest (as rev iewed i n K l e i n , 1991) . 
V a r i o u s researchers have p o i n t e d out the d i f f i c u l t y 
of separat ing interact ions o f f o r a g e - c l i m a t e - p r e d a -
t i o n w h e n t r y i n g to de termine the cause of change 
i n c a r i b o u abundance ( G a u t h i e r & T h e b e r g e , 1986 ; 
T h o m a s , 1 9 9 5 ; A d a m s etal., 1995 ; B e r g e r u d , 1 9 9 6 ; 
N a t i o n a l Research C o u n c i l , 1997) . T h e effects o f 
w o l f {Canis lupus) p r e d a t i o n on m i g r a t o r y barren-
g r o u n d c a r i b o u were p o o r l y unders tood i n the past, 
m a i n l y because arctic wolves were m i g r a t o r y and 
d i f f i c u l t to f o l l o w ( K u y t , 1972 ; S tephenson & 
James , 1982) . Recent studies i n arctic A l a s k a (Dale 
et al, 1994 ; B a l l a r d et al, 1997) and C a n a d a (P. 
C l a r k s o n , G o v e r n m e n t o f the N o r t h w e s t Terr i tor ies , 
u n p u b l . ; R . H a y e s , u n p u b l . ) p r o v i d e new data about 
arct ic w o l f m o v e m e n t s , range use and the i r k i l l i n g 
rates o n c a r i b o u . These data were r e q u i r e d the i r to 
develop q u a n t i t a t i v e models for e s t i m a t i n g p r e d a -
t i o n rates o n m i g r a t o r y c a r i b o u herds. 
In th is paper, we present data on w i n t e r k i l l rate 
by wolves o n adul t c a r i b o u w h e n P o r c u p i n e n u m -
bers were h i g h . W e construct a s i m p l e p r e d a t i o n 
rate m o d e l that inc ludes constants for w o l f dens i ty 
and k i l l rate that are a p p l i e d to c h a n g i n g seasonal 
range use and densit ies o f c a r i b o u . W e discuss w h y 
p r e d a t i o n by wolves is not the m a i n force l i m i t i n g 
the size o f the P o r c u p i n e herd i n the 1990s. 
Study area 
W e c o n d u c t e d our p r e d a t i o n rate research i n 1989 
i n a 14 4 5 0 k m 2 s t u d y area i n the N o r t h e r n 
R i c h a r d s o n M o u n t a i n s . P r e d a t i o n studies that w i n -
tet were part o f a larger s tud y of w o l f eco logy c o n -
d u c t e d between 1987 a n d 1993 i n the n o r t h e r n 
Y u k o n (R . H a y e s , u n p u b l . ) . 
O u r s tud y area s t raddled the n o r t h e r n b o u n d a r y 
of the Y u k o n and N o r t h w e s t Terr i tor ies ( N W T ) . 
T h e m a i n s tudy area i n c l u d e d the N o r t h e r n 
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R i c h a r d s o n M o u n t a i n s a n d the eastern p a r t o f the 
Y u k o n Coas ta l P l a i n . T h e s tudy area was b o u n d e d 
by the B l o w and B e l l R i v e r s to the W e s t , the 
M a c K e n z i e D e l t a to the East , the R a t R i v e r to the 
S o u t h , and the A r c t i c Coast to the N o r t h . T h e s tudy 
area i n c l u d e d t w o c o m m u n i t i e s i n the N W T , 
A k l a v i k ( p o p u l a t i o n 801) and F o r t M a c P h e r s o n 
(878 , Stat ist ics C a n a d a 1996) . 
W e s t u d i e d w i n t e r k i l l rate across 3 ecoregions 
( O s w a l d & Senyk, 1977) : the N o r t h e r n M o u n t a i n s , 
the C o a s t a l P l a i n , and B e r r y Creek . W e have para-
phrased descr ipt ions of p h y s i o g r a p h y a n d vegeta-
t i o n f r o m O s w a l d and Senyk (1977) . M o s t of the 
n o r t h e r n Y u k o n was a g l a c i a l re fugia that n o w lies 
w i t h i n the zone of c o n t i n u o u s permafros t . T h e 
N o r t h e r n M o u n t a i n s E c o r e g i o n i n c l u d e s the 
R i c h a r d s o n M o u n t a i n s where elevations c o m m o n l y 
exceed 1 5 0 0 m above sea level (asl). M o s t of the 
Coas ta l P l a i n E c o r e g i o n lies b e l o w 150 m asl . T h e 
eastern part o f the Y u k o n Coas ta l P l a i n i n c l u d e four 
watersheds: the Pee l , B i g F i s h , a n d B l o w R i v e r s and 
R a p i d C r e e k . T h e R i c h a r d s o n M o u n t a i n s are 
d r a i n e d b y the W i l l o w , R a t , F i s h and B e l l R i v e r s . 
T h e B e r r y Creek E c o r e g i o n forms the southwest -
ern f lank of the s tudy area, and ranges f r o m flat to 
g e n t l y r o l l i n g terrain w i t h u p l a n d s b e l o w 6 0 0 m 
asl , and val leys b e l o w 3 0 0 m asl. T h e area is d r a i n e d 
by the B e l l , P o r c u p i n e , E a g l e and D r i f t w o o d R i v e r s . 
M o s t o f the s tudy area is open tree-less t u n d r a , 
except a l o n g protected val leys where there are iso-
lated stands of b lack spruce (Picea mariana), w h i t e 
spruce (Picea glauca) and ba l sam p o p l a r (Populus bal-
samifera). T h e m a i n vegeta t ion is sedge (Carex sp.) 
and cottongrass (Eriophorum sp.) tussock t u n d r a . 
D w a r f b i r c h (Betula sp.), w i l l o w (Salix sp.) a n d alder 
(Alnus sp.) are f o u n d o n w a r m e r sites. C o o l e r sites 
suppor t ericaecious shrubs , w i l l o w s a n d various 
forbs. R i p a r i a n spruce a n d b a l s a m p o p l a r forests are 
f o u n d o n the B e l l , D r i f t w o o d and P o r c u p i n e R i v e r s . 
S h r u b b i r c h and w i l l o w d o m i n a t e m o s t o p e n i n g s 
and the forest understory. Sedge and cottongrass 
tussocks d o m i n a t e most p o o r l y d r a i n e d o p e n areas. 
F o u r u n g u l a t e species i n h a b i t the s tudy area: 
c a r i b o u , moose (Alces alces), D a l l sheep (Ovis dalli) 
and m u s k o x e n (Ovibus moschatus). T h e P C H 
increased f r o m 135 0 0 0 c a r i b o u i n 1983 to 178 0 0 0 
i n 1 9 8 9 ; an a n n u a l f in i te rate of increase of 1 .048 
(k). B e t w e e n 1989 a n d 1992 the h e r d d e c l i n e d to 
about 160 0 0 0 c a r i b o u (X= 0 . 9 6 5 , F a n c y et al, 
1994) . T h e P C H t r a d i t i o n a l l y calves o n or near the 
A r c t i c N a t i o n a l W i l d l i f e R e f u g e i n northeastern 
A l a s k a , t h e n spends the p o s t - c a l v i n g and s u m m e r 
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per iods a l o n g the Y u k o n Coas ta l P l a i n . T h e herd 
t h e n migra tes to var ious t r a d i t i o n a l w i n t e r i n g areas 
i n the R i c h a r d s o n M o u n t a i n s , E a g l e P l a i n s , 
O g i l i v i e M o u n t a i n s and s o u t h e r n B r o o k s R a n g e i n 
A l a s k a . D u r i n g the w i n t e r 1 9 8 8 - 8 9 , a large of n u m -
ber o f P o r c u p i n e c a r i b o u w i n t e r e d i n o u r s tud y area. 
M o o s e dens i ty is l o w and most moose w i n t e r i n 
the l i m i t e d r i p a r i a n forests a l o n g the B e l l R i v e r 
(Smi t s , 1991) . F e w moose w i n t e r e d i n the n o r t h 
slope drainages , where we c o n d u c t e d m o s t o f p r e d a -
t i o n studies . In the same area, B a r i c h e l l o et al. 
(1987) c o u n t e d about 9 0 0 sheep i n 1986 . C . S m i t s 
( Y u k o n F i s h and W i l d l . B r . , u n p u b l . ) c o u n t e d 157 
m u s k o x e n o n the Y u k o n Coas ta l P l a i n i n 1 9 9 3 , 
m a i n l y to the west o f o u r s t u d y area. 
O t h e r large predators i n the s tud y area i n c l u d e 
b r o w n bear (Ursus arctos) ( N a g y , 1990) , b lack bear 
(Ursus americanus) i n the ta iga , l y n x (Lynx canadensis) 
a n d w o l v e r i n e (Gulo gulo). A r c t i c fox (Alopex lagopus 
innuitus) are resrr ic ted to coastal areas ( Y o u n g m a n , 
1975) . Ravens (Corvus corax) are the m a i n scavengers 
that compete w i t h wolves at k i l l s . 
Materials and methods 
W e used r a d i o t e l e m e t r y techniques ( M e c h , 1974) to 
s t u d y p r e d a t i o n b e h a v i o u r of wolves . A f t e r we first 
located a w o l f p a c k b y fixed-wing aircraft , we d i s -
p a t c h e d a he l i copter ( B e l l 2 0 6 B ) a n d i m m o b i l i z e d 
w o l f pack m e m b e r s w i t h C a p c h u r ( P a l m e r 
C h e m i c a l and E q u i p . C o . , D o u g l a s v i l l e , G a . ) e q u i p -
m e n t . M o s t wolves received a dose o f Z o l e t i l ( A . H . 
R o b i n s ) at 8 m g / k g , based o n an es t imated average 
w o l f w e i g h t of 4 0 k g . W e attached c o n v e n t i o n a l 
V H F radio-col lars o n wolves (Telonics , M e s a , 
A r i z o n a ) . 
W e s t u d i e d k i l l rates by m o n i t o r i n g the d a i l y 
ac t iv i t ies of seven rad io -co l la red packs f r o m 23 
M a r c h to 16 A p r i l 1989 f r o m a M a u l e L R 7 aircraft . 
W e def ined pack size as the m e a n n u m b e r of wolves 
seen i n the p e r i o d (Messier , 1994 ; D a l e et al, 1994 ; 
1 9 9 5 ; H a y e s et al, 2000) . W e def ined k i l l rate as 
the n u m b e r of c a r i b o u k i l l e d per w o l f per day. T h e 
to ta l b iomass (kg) of c a r i b o u k i l l e d was used to 
measure c o n s u m p t i o n rates of wolves . Based o n data 
f r o m S k o o g (1968) we es t imated the l i v e w e i g h t s of 
a d u l t c a r i b o u : male 107 k g , female 7 9 k g and 
u n k n o w n c a r i b o u 8 6 k g . W e assumed the c o n s u m -
able biomass was 7 5 % of c a r i b o u l i v e w e i g h t 
( B a l l a r d et al, 1987 ; 1997) . 
E a c h day, we located s ix w o l f packs (2-6 wolves) 
once i n the m o r n i n g (9 :00 -12 :00h) . W e located the 
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Table 1. K i l l i n g rates by wolves on caribou in our study, March and A p r i l 1989. 
N o . o f T o t a l N o . c a r i b o u K g . c a r i b o u K g . c a r i b o u 
Pack P e r i o d N o . w o l f c a r i b o u k g . k i l led/wolf/ ki l led/wolf/ consumed/ 
P a c k name size (days) days k i l l e d k i l l e d day day wolf/day 
B l o w R i v e r 12 25 3 0 0 9 
B e l l R i v e r 2 7 14 3 
B l o w R . 4 5 0 3 6 18 2 
R a t R i v e r 6 25 150 4 
R a t R i v e r II 3 24 72 1 
T r a i l R i v e r 3 14 42 2 
T w o O c e a n 2 19 38 2 
12 m e m b e r B l o w R i v e r pack t w i c e a day, i n the 
m o r n i n g and e v e n i n g (18 :00 to 2 2 : 0 0 h). W e c o m -
pared k i l l rate for m o r n i n g - o n l y s i g h t i n g s o f B l o w 
R i v e r wolves , and for the c o m b i n e d m o r n i n g and 
e v e n i n g to test for t e m p o r a l bias i n o u r a b i l i t y to 
detect c a r i b o u k i l l s b y l o c a r i n g other packs once 
dai ly . 
M o s t packs traveled i n the n o r t h slope drainages 
where snow c o n d i t i o n s were heavi ly w i n d b l o w n i n 
1989- W o l v e s and the i r prey carcasses were d i f f i c u l t 
to see because of the cont ras t ing mosa ic of open 
g r o u n d and snow fields. S n o w was u s u a l l y too w i n d -
p a c k e d to backtrack wolves to d e t e r m i n e the i r 
ac t iv i t ies between l o c a t i o n p o i n t s . W e located 
r a d i o - c o l l a r e d wolves , t h e n sys temat ica l ly searched 
for any k i l l s i n a 2-3 k m 2 area, u n t i l we e i ther f o u n d 
k i l l s or we were conf ident wolves had not made a 
k i l l nearby. 
W e est imated a n n u a l predation rate as the p r o p o r -
t i o n o f a d u l t P o r c u p i n e c a r i b o u k i l l e d b y wolves . To 
d e t e r m i n e the rate of w o l f p r e d a t i o n o n the 
P o r c u p i n e herd we needed a m o d e l that was based 
o n reasonable eco logica l assumpt ions about wolves 
a n d c a r i b o u . F r o m w o l f surveys i n the n o r t h e r n 
Y u k o n (R. Hayes et al, u n p u b l . ) and i n other parts 
o f the P C H range (Stephenson, 1994; C a r r o l , 1994) , 
we es t imated a m e a n dens i ty of about 3 wolves/ 
1000 k m 2 , g i v i n g a p o p u l a t i o n of 725 wolves i n the 
ent ire range of the h e r d . N o t a l l wolves have c a r i b o u 
avai lable to t h e m each year, and the n u m b e r m u s r 
vary w i t h the area c a r i b o u occupy d u r i n g di f ferent 
phases of the i r a n n u a l l i fe cycle (e.g., s p r i n g m i g r a -
t i o n , c a l v i n g , w i n t e r ) . T h i s means that we cannot 
est imate p r e d a t i o n rate b y s i m p l y a p p l y i n g a fixed 
k i l l d a i l y rate to the entire w o l f p o p u l a t i o n . To 
account for c h a n g i n g d i s t r i b u t i o n s of c a r i b o u and 
w o l v e s , b o t h i n space and t i m e , we cons t ruc ted the 
m o d e l for e s t i m a t i n g a n n u a l p r e d a t i o n (J?annual)'. 
Pannual = Z K d a i . y * W * A p ( 2 ) * D p . 
7 7 6 0 .03 2 .59 1.94 
274 0.21 19.57 14 .68 
195 0 .11 10.83 8.13 
4 0 6 0 .03 2.71 2 .03 
109 0 .01 1.51 1.14 
195 0.05 4 .64 3 .48 
172 0.05 4 . 5 3 3 .39 
W e assumed that wolves k i l l e d a d u l t c a r i b o u at a 
constant rate (KMI}); that w o l f dens i ty (W) d o u b l e d 
to 6 wolves per 1 0 0 0 k m 2 on a l l seasonal ranges; and 
that the average area o c c u p i e d b y the P C H each year 
i n e i g h t seasonal l i fe cycle per iods (Dp , see Table 2) 
was t w i c e as large as the average area descr ibed b y 
the outer boundar ies of satel l i te te lemetry data (Ap 
/1000 k m 2 ; Int . P o r c u p i n e C a r i b o u B o a r d 1993) . 
Results 
Kill rate by wolves 
W e f o l l o w e d the d a i l y act ivi t ies o f seven w o l f packs 
for 17.1 ± 3.1 (standard error o f the mean) days 
(Table 1). T r a v e l i n g pack size was 4 .4 ± 1.4, r a n g -
i n g f r o m 2 to 12 wolves per pack . W e f o u n d 23 
w o l f - k i l l e d c a r i b o u and we e x a m i n e d 13 carcasses i n 
s i t u . A l l were adul ts ( 8 M , 5F). T h e m e a n age o f 
k i l l e d c a r i b o u was 6.1 ± 0.7 years -o ld . T h e lowest 
k i l l rate was for wolves i n the R a t R i v e r II pack 
(Table 1) w h i c h scavenged f r o m m a n y h u n t e r k i l l s 
i n the area. A f t e r e x c l u d i n g this p a c k , we es t imated 
the w o l f k i l l rate was 0.08 ± 0 .03 c a r i b o u per day 
per w o l f ; or 7.5 ± 2.7 k g of c a r i b o u k i l l e d per w o l f 
per day. W o l v e s c o n s u m e d 5.6 ± 2.0 k g c a r i b o u 
each day i n w i n r e r . 
W e d i d not find a difference i n the n u m b e r of 
k i l l s seen for m o r n i n g - o n l y s i g h t i n g s o f B l o w R i v e r 
wolves c o m p a r e d to the c o m b i n e d m o r n i n g and 
e v e n i n g s i g h t i n g s (n = 9 k i l l s , 0 .36 c a r i b o u per p a c k 
per day) . W e c o n c l u d e that t w i c e d a i l y locat ions d i d 
not i m p r o v e o u r a b i l i t y to detect k i l l s made b y 
s t u d y packs . 
Predation rate by wolves 
Based on a d a i l y k i l l rate of 0 .08 a d u l r c a r i b o u 
(Kjaiiy), our m o d e l pro jected that wolves k i l l e d 7 6 0 0 
a d u l t c a r i b o u f r o m the P o r c u p i n e h e r d each year. 
A b o u t 8 4 % of the adul ts were k i l l e d d u r i n g f a l l and 
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Table 2. Variables and values used in model ing annual wol f predation rare on Porcupine caribou herd. Values for D ; , and 
Ap -were provided by Inr. Porcupine Caribou Board (1993). 
AP _ W Kdaity 
C a r i b o u l i fe cycle 
N o . o f D a y s 
A r e a of A v a i l a b l e W o l f D a i l y K i l l R a t e b y 
P e r i o d M e a n A r e a 1 C a r i b o u 1 D e n s i t y 2 W o l v e s o n C a r i b o u 
1. Late W i n t e r 120 25 .9 51 .8 6 0 .08 
2. S p r i n g 62 27 .4 54.8 6 0 .08 
3. C a l v i n g 11 8.8 17.6 6 0 .08 
4 . Post C a l v i n g 22 7.5 15 6 0.08 
5. E a r l y S u m m e r 16 3.4 6.8 6 0.08 
6. M i d S u m m e r 22 5 .99 11 .98 6 0.08 
7. Late S u m m e r 
a n d F a l l M i g r a t i o n 62 12.8 25 .6 6 0 .08 
8. R u t and Late F a l l 50 37.1 74 .2 6 0 .08 
1 in 1000 k m 2 units. 
number of wolves per 1000 k m 2 . 
w i n t e r (Table 2, F i g . 1) w h e n c a r i b o u use the largest 
areas, a l l o w i n g m o r e wolves to concentrate o n f a l l 
a n d w i n t e r range. T h e r e m a i n i n g 1 6 % of adul ts 
were taken i n s p r i n g a n d f a l l w h e n the herd's range 
is subs tant ia l ly compressed, and the i r a v a i l a b i l i t y to 
wolves is lowest (Table 2 , F i g . 1). 
Because our p r e d a t i o n m o d e l does not d e p e n d o n 
herd size, we a p p l i e d i t to P o r c u p i n e census data i n 
1 9 9 2 , 1994 a n d 1 9 9 8 . E a c h year the h e r d was cen-
sused w i t h p h o t o counts i n J u l y ( D . R u s s e l l , 
u n p u b l . ) . T h e percent calves was a n n u a l l y es t imated 
i n M a r c h ( D . Cooley , Y u k o n F i s h a n d W i l d l . B r . , 
u n p u b l . ) . O u r m o d e l es t imated that wolves 
r e m o v e d 5 . 8 % of adul ts i n 1992 w h e n h e r d size was 
160 0 0 0 ; 6 . 3 % i n 1994 w h e n herd size was 152 
0 0 0 ; and 7 . 4 % w h e n h e r d size f e l l to 129 0 0 0 i n 
1998 . 
1 2 3 4 5 6 7 S 
Seasonal Period 
F i g . 1. Seasonal predation rate by wolves on P C H based 
on model . Seasonal periods correspond w i t h n u m -
bers shown on Table 2. 
Discussion 
Kill rate by wolves 
T h e d a i l y k i l l rate of our s tudy wolves was s i m i l a r 
to c a r i b o u - k i l l i n g wolves i n A l a s k a (0 .08 c a r i b o u 
per w o l f per day, D a l e et al., 1994) a n d N o r t h w e s t 
Terr i tor ies (0.05 c a r i b o u , P. C l a r k s o n , u n p u b l . ) , 
a l t h o u g h our pack k i l l rates were m o r e var iable . W e 
s t u d i e d w o l f k i l l rate i n m a i n l y s m a l l packs of 2-3 
wolves (Table 1). H a y e s et al. (2000) f o u n d wolves 
i n s m a l l packs had m u c h w i d e r v a r i a t i o n i n k i l l rate 
o f moose c o m p a r e d to larger packs , w h i c h c o u l d also 
e x p l a i n our c a r i b o u p r e d a t i o n data . 
T h e m e a n d a i l y c o n s u m p t i o n rate was 4 .9 k g o f 
c a r i b o u per w o l f , above the range of 1.7 to 4 .0 k g 
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r e q u i r e d for s u r v i v a l ( M e c h , 1977 ; T h u r b e r & 
Peterson, 1993) a n d above the 3.2 k g r e q u i r e d for 
r e p r o d u c t i o n ( M e c h , 1977) . S i m i l a r c o n s u m p t i o n 
rates were recorded for arctic wolves i n n o r t h w e s t -
ern A l a s k a (5.3 k g o f moose a n d c a r i b o u , B a l l a r d et 
al, 1997) a n d N W T (4.4 k g , P. C l a r k s o n , u n p u b l . ) . 
Prev ious estimates of w o l f c o n s u m p t i o n rate are 
p r o b a b l y h i g h e r t h a n actual , because b io log is t s u s u -
a l l y assumed that wolves eat a l l avai lable biomass o f 
the i r k i l l s ( C a r b y n , 1983 ; M e s s i e r & Crete , 1985 ; 
B a l l a r d et al, 1987 ; F u l l e r , 1989 ; H a y e s et al, 
1 9 9 1 ; T h u r b e r & Peterson, 1 9 9 3 ; D a l e etal, 1995) . 
H a y e s et al. (2000) adjusted k i l l rates to account for 
raven s c a v e n g i n g , e s t i m a t i n g that ravens can 
remove u p to h a l f o f c o n s u m a b l e moose b iomass 
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f r o m s m a l l w o l f packs (2-3 wolves) . F i v e o f o u r 
s t u d y packs were s m a l l and we c o m m o n l y saw 
ravens ar c a r i b o u k i l l s . H o w e v e r , we agree w i t h 
B a l l a r d et al. ( 1997) w h o es t imated that wolves lost 
less o f the i r c a r i b o u k i l l s to ravens because wolves 
can consume c a r i b o u carcasses m o r e r a p i d l y t h a n 
they can consume moose - l e a v i n g less c a r i b o u b i o -
mass for scavengers. 
B y b a c k - t r a c k i n g w o l f t ra i l s , D a l e et al. (1994) 
increased the i r est imate of k i l l rate because wolves 
k i l l e d then left the c a r i b o u carcasses before the next 
radio l o c a t i o n . H a y e s et al. (2000) u n d e r e s t i m a t e d 
k i l l rate by wolves o n w o o d l a n d c a r i b o u b y l o c a t i n g 
packs once da i ly , and r e c o m m e n d e d b a c k - t r a c k i n g 
whenever poss ib le . C l a r k s o n and Liepens ( u n p u b l . 
data) be l ieved that arctic wolves r e m a i n e d close to 
the i r k i l l s i n order to protect t h e m f r o m other 
m i g r a t o r y packs , therefore, b a c k - t r a c k i n g was not 
use fu l i n t u n d r a areas. W i t h o u t b a c k t r a c k i n g we 
recorded a s i m i l a r k i l l rate as D a l e et al. (1994) d i d 
w i t h b a c k t r a c k i n g . W e had the advantage o f s t u d y -
i n g s m a l l m i g r a t o r y packs that traveled i n o p e n 
t u n d r a areas, w h i c h p r o b a b l y r e m a i n e d near k i l l s for 
defense purposes (P. C l a r k s o n , u n p u b l . data). 
Increas ing o u r observat ion rate to each m o r n i n g and 
e v e n i n g d i d not increase our a b i l i t y to detect c a r i -
b o u k i l l s made b y a pack of 12 wolves . D e s p i t e the 
w i n d b l o w n c o n d i t i o n s , we reasonably es t imated k i l l 
rate o f our s tudy packs on P o r c u p i n e c a r i b o u w i n t e r 
range. 
Predation rate model 
W e ver i f ied o u r m o d e l assumptions b y l o o k i n g at 
c a r i b o u and w o l f studies elsewhere. O u r study, D a l e 
et al. (1994) and P. C l a r k s o n ( u n p u b l . ) reported k i l l 
rates o f 0 .05 -0 .08 car ibou w o l f 1 d a y 1 . T h u s , we 
bel ieve that substant ia l changes to the value for 
var iable K^.i, are not just i f ied . O u t study, Parker 
(1973) , K u y t (1972) , T h o m a s (1995) a n d C l a r k s o n 
& L i e p i n s ( u n p u b l . ) a l l f o u n d a t w o - f o l d increase i n 
w o l f densi ty o n w i n t e r range. W e h a d substant ia l 
te lemetry data to evaluate seasonal P C H d i s t r i b u -
t i o n for over t w e n t y years. T h u s , we c o u l d not jus-
t i f y increas ing the areas of avai lable c a r i b o u m o r e 
t h a n t w o - f o l d . O u r m o d e l does not incorporate 
c h a n g i n g v u l n e r a b i l i t y to p r e d a r i o n , w h i c h M e c h et 
al. (1998) f o u n d was an i m p o r t a n t f u n c t i o n of w o l f 
p r e d a t i o n rate o n the D e n a l i c a r i b o u h e r d . 
W e next e x a m i n e d h o w our p r e d a t i o n rate fit c u r -
rent k n o w l e d g e of P o r c u p i n e c a r i b o u ecology. Fancy 
et al. (1994) f o u n d m e a n adul t m o r r a l i t y rate for >3-
year -o ld c a r i b o u was 1 5 % for females and 1 7 % for 
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males . U s i n g o u r 1992 w o l f p r e d a t i o n rate est imate 
o f 5 . 8 % , our m o d e l projects that wolves were 
responsible for about 1/3 of the a d u l t m o r t a l i t y i n 
the early 1990s. 
A c c o r d i n g to Fancy et al. (1994) a n d W a l s h et al. 
(1995) the g r o w t h of the P C H is most sensit ive to 
the s u r v i v a l rates o f females three years a n d older , 
f o l l o w e d by p r o d u c t i o n and s u r v i v a l rares o f calves. 
F a n c y et al. (1994) speculated that the d e c l i n e o f the 
P C H after 1 9 8 9 was related to a c o m b i n a t i o n of l o w 
p a r t u r i t i o n rate o f >3-year-o ld females i n 1 9 9 1 , a n d 
l o w e r e d ca l f s u r v i v a l i n M a r c h 1992 . U s i n g stochas-
t i c m o d e l i n g , W a l s h et al. (1995) showed that a sur-
v i v a l rate d e c l i n e of about 3 % a m o n g a d u l t females 
or 4 % a m o n g calves c o u l d be e n o u g h to cause the 
P o r c u p i n e herd to dec l ine . O u r m o d e l projects that 
wolves w o u l d have to nearly d o u b l e the i r p r e d a t i o n 
rate to account for an a d d i r i o n a l 3 % d e c l i n e i n a d u l t 
female s u r v i v a l . 
U s i n g di f ferent p r e d a t i o n rate m o d e l s , D a l e et al. 
(1994) a n d B a l l a r d et al. (1997) also d e t e r m i n e d 
that p r e d a t i o n by wolves was not the m a i n factor 
l i m i t i n g c a r i b o u i n n o r t h w e s t e r n A l a s k a . B a l l a r d et 
al. (1997) es t imated that wolves a n n u a l l y r e m o v e d 
about 6 - 7 % o f the W e s t e r n A r c t i c c a r i b o u h e r d . 
P r e d a t i o n b y wolves is an i m p o r t a n t factor l i m i t -
i n g smal ler c a r i b o u herds i n C a n a d a a n d A l a s k a 
(Gasaway et al, 1 9 8 3 ; B e r g e r u d & E l l i o t , 1 9 8 6 ; 
E d m o n d s , 1 9 8 8 ; Seip, 1 9 9 2 ; H a y e s & G u n s o n , 
1 9 9 5 ; M e c h et al, 1998) . C u r r e n t k n o w l e d g e s u g -
gests w o l f p r e d a t i o n acts i n a depensatory fashion 
(i .e. , i t increases as herd size dec l ined) where c a r i b o u 
are secondary prey to wolves that rely p r i m a r i l y on 
moose. W o l f p r e d a t i o n does not appear to be the 
m a i n cause of p o p u l a t i o n change for large m i g r a t o r y 
c a r i b o u herds i n the arct ic (Messier , 1995 ; C r e t e & 
H u o t , 1 9 9 3 ; T h o m a s , 1995) . Large m i g r a t o r y c a r i -
b o u herds t e n d to be c y c l i c , and previous p o p u l a t i o n 
trends have been l i n k e d to changes i n forage or 
weather events (Crete & H u o t , 1 9 9 3 ; F a n c y et al, 
1994 ; Mess ier , 1995) . 
T h e l o w effect o f p r e d a t i o n by wolves is s u p p o r t -
ed by the hypothesis o f B e r g e r u d (1974) , w h o has 
argued that the m i g r a t o r y behavior o f c a r i b o u 
evolved as a predator-avoidance strategy. B e r g e r u d 
(1992) believes that m i g r a t o r y c a r i b o u calve on 
s m a l l remote areas to 'space away' f r o m predators . 
B y d o i n g so, they can f lood a large n u m b e r o f y o u n g 
i n a s m a l l area where the per capi ta r i sk to b e i n g 
k i l l e d by any predator is lowest . 
O u r m o d e l does not est imate p r e d a t i o n rate o n 
calves, however, i t does supports that ' spac ing away' 
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is also an effective a n t i - p r e d a t o r y strategy of a d u l t 
c a r i b o u ( B e r g e r u d , 1 9 7 4 ; 1992 ; T h o m a s , 1995) . In 
late s p r i n g a n d s u m m e r , P o r c u p i n e c a r i b o u concen-
trate o n the coastal p l a i n o f A l a s k a and Y u k o n , 
where they o c c u p y the smal lest seasonal range, 
thereby r e d u c i n g the i r exposure to predators (Table 
2). A d u l t wolves are l i m i t e d i n t h e i r a b i l i t y to trav-
el there due to the i r r e q u i r e m e n t to feed p u p s at 
dens ( T h o m a s , 1995 ; R . H a y e s , u n p u b l . data). 
F r y x e l l et al. (1988) deve loped a s i m i l a r t i m e -
space dependent m o d e l for e s t i m a t i n g A f r i c a n l i o n 
(Panthera leo) p r e d a t i o n rate o n m i g r a t o r y w i l d e -
beeste (Connochaetes taurinus) that supports the 'spac-
i n g - a w a y ' advantage. T h e y c o n c l u d e d that large 
m i g r a t o r y wi ldebeeste herds c o u l d not be regula ted 
by l i o n s , m a i n l y because l ions c o u l d not m a i n t a i n 
contact w i t h herds year - round, r e d u c i n g a n n u a l pre-
d a t i o n rate. 
W e bel ieve that the variables of o u r m o d e l are 
useful at var ious P o r c u p i n e c a r i b o u h e r d sizes 
because: 1) the area that c a r i b o u used seasonally was 
s i m i l a r i n the 1970s w h e n the h e r d was about 100 
0 0 0 car ibou (Le Resche, 1975) ; and 2) as the herd 
decl ines we s h o u l d not expect a s t r o n g d e n s i t y -
dependent change i n the w o l f f u n c t i o n a l response 
(Dale et al, 199>4). T h u s , w o l f k i l l rate s h o u l d 
r e m a i n constant . A l s o , t a iga wolves can readi ly 
s w i t c h to l o w dens i ty moose prey to surv ive ( B a l l a r d 
et al, 1997) r e d u c i n g the negat ive effect of d e c l i n -
i n g c a r i b o u abundance on w o l f n u m e r i c a l response. 
Data quality 
A l t h o u g h our est imate of m e a n d a i l y k i l l rate was 
s i m i l a r to other studies , i t was b o u n d e d by a w i d e 
s tandard error. T h i s c o u l d be because the sample 
size of packs was s m a l l , or the k i l l rate was undetes-
t i m a t e d for some packs due to terra in or weather 
constraints . 
W e a c k n o w l e d g e some s h o r t c o m i n g s w i t h our 
p r e d a t i o n rate m o d e l . A l t h o u g h the m o d e l fits cur -
rent indices of the P C H , components of the m o d e l 
need further v a l i d a t i o n . F i r s t , we assumed that Kda,iy 
i n the s u m m e r p e r i o d was the same as for w i n t e r . 
W o l v e s are reported to surplus k i l l neonatal and 
a d u l t car ibou ( M i l l e r et al, 1 9 8 3 ; 1 9 8 8 ; C . G a r d n e r , 
A l a s k a D e p . F i s h and G a m e , pers. c o m m . ) . T h e 
effecr of w o l f p r e d a t i o n rate o n c h a n g i n g calf 
r e c r u i t m e n t rates of the P o r c u p i n e herd remains 
u n k n o w n , and we d i d not i n c l u d e this i m p o r t a n t 
p o p u l a t i o n process i n our m o d e l . 
Second, the estimates of the area that c a r i b o u 
o c c u p y seasonally are based o n r a d i o t e l e m e t r y loca-
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t ions . T h e r e is a d e c l i n i n g gradient o u t w a r d f r o m 
these areas where l o w dens i ty c a r i b o u w i l l s t i l l be 
avai lable to wolves . W e es t imated c a r i b o u - a v a i l a b l e 
areas to be t w i c e the areas descr ibed b y c a r i b o u 
te lemetry, b u t the area m i g h t be even larger. 
H o w e v e r , we needed to increase the c a r i b o u a v a i l -
able area i n our m o d e l by five-fold before wolves 
took 1 0 % or m o r e of the adul ts . T h i r d , arcr ic 
wolves s h o w s t r o n g preference for c a r i b o u , a n d 
wolves p r o b a b l y c o n t i n u e to search for c a r i b o u even 
w h e n c a r i b o u appear to be absent (P. C l a r k s o n , pers. 
c o m m . ) . If P C H wolves behave this way, t h e n o u r 
estimates of seasonal p r e d a t i o n rates c o u l d also be 
l o w . 
Never the less , our results are consistent w i t h o t h -
er arct ic w o l f studies that f o u n d a u n i q u e l y m i g r a -
tory behaviour a m o n g wolves associated w i t h bar-
r e n - g r o u n d c a r i b o u , n a t u r a l l y l o w w o l f densi t ies , a 
preference for c a r i b o u prey, a n d moderate d a i l y k i l l 
rates b y wolves . T h e m o d e l we present is based o n 
de ta i l ed k n o w l e d g e of a d y n a m i c seasonal range use 
pat tern by P o r c u p i n e c a r i b o u that was avai lable 
o n l y after decades of rad io te lemetry studies. F u t u r e 
p r e d a t i o n research s h o u l d be c o n d u c t e d to i n v e s t i -
gate whether the assumpt ions of our m o d e l h o l d i n 
th is p e r i o d of d e c l i n e d herd size. 
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